Objective: This study aims to clarify the changes and clinical significance of red cell distribution width (RDW) during HBV-related chronic diseases, including inactive hepatitis B virus (HBV) carriers, HBV immune tolerant individuals, chronic hepatitis B (CHB) patients and HBV-related hepatocirrhosis patients. Methods: RDW was measured 288 CHB patients, 100 patients with hepatitis B e antigen(HBeAg)-negative chronic HBV infection (inactive carriers), 92 patients with HBeAg-positive chronic HBV infection (immune tolerant), and 272 patients with HBV-related hepatocirrhosis. Their RDW changes were compared with 160 healthy controls. Correlations between RDW and clinical indicators were conducted. For HBeAg+ CHB patients, RDW was measured before and after antiviral therapy. The efficiency of RDW to distinguish hepatocirrhosis from CHB and/or inactive carriers was evaluated by receiver operating characteristic (ROC) curves. Results: RDW was higher in hepatocirrhosis patients than other groups of patients and healthy controls. Besides, HBeAg+ CHB patients possessed higher RDW than HBeAg-CHB patients. For HBeAg+ patients that underwent HBeAg seroconversion after antiviral therapy, RDW was decreased. RDW was positively correlated with total bilirubin and Child-Pugh scores and negatively correlated with albumin among hepatocirrhosis patients. The areas under the curve (AUC) of ROC curves to distinguish hepatocirrhosis from CHB patients was 0.7040 for RDW-standard deviation (RDW-SD) and 0.6650 for RDW-coefficient of variation (RDW-CV), and AUC to distinguish hepatocirrhosis from inactive carriers was 0.7805 for RDW-SD and 0.7991 for RDW-CV. Conclusions: RDW is significantly increased in HBeAg+ CHB patients and patients with HBV-related hepatocirrhosis and could reflect their severity. RDW could help to distinguish hepatocirrhosis from CHB patients and inactive HBV carriers.
Introduction
Red blood cell distribution width (RDW) is one hematological indicator which measures size variability of circulating erythrocytes and reflects the degree of heterogeneity of erythrocyte volume. RDW is routinely used in laboratory hematology for differential diagnosis of anemias [1] [2] . Nonetheless, the assessment of this parameter is broadened far beyond the differential diagnosis of anemias. RDW had also emerged as a prognostic marker in a variety of disorders such as cardiovascular disease, cancer,
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International Publisher diabetes, chronic obstructive pulmonary disease, kidney failure, as well as in other acute or chronic conditions. The increase of RDW is of high predictive value for diagnosing a variety of disorders [3] [4] [5] [6] [7] [8] [9] [10] .
Worldwide, hepatitis B virus (HBV) infection is a major health problem and chronic infection with hepatitis B virus (HBV) is estimated to affect 350 million people in the world [11] . In China, where HBV infection is endemic, there are estimated 93 million HBV carriers, and among them 30 million are patients with chronic hepatitis B [12] . Chronic HBV infection is associated with a wide range of clinical manifestations, from an asymptomatic carrier status with normal liver histology to chronic liver diseases [12] [13] . According to EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection, the natural history of chronic HBV infection has been schematically divided into five phases: HBeAg-positive chronic HBV infection (immune tolerant), HBeAg-positive chronic hepatitis B, HBeAg-negative chronic HBV infection (inactive carrier), HBeAg-negative chronic hepatitis B and HBsAg-negative phase [14] . In addition, about 15% to 40% of chronically infected people may develop to chronic and progressive liver diseases, including cirrhosis and hepatocellular carcinoma (HCC), whereas the remainders become inactive carriers [15] . The incidence rates of cirrhosis in chronic HBV infection range from 2% to 7% annually and meanwhile the cirrhosis incidence rate was 0.7% among asymptomatic HBV carriers annually [16] [17] [18] , so that distinguishing cirrhosis patients from CHB patients and HBV carriers is quite meaningful.
Concerning about the significance of RDW in HBV-related diseases, some researches had been reported [19] [20] [21] [22] [23] [24] . RDW values were reported to be significantly increased in patients with hepatitis B and were associated with its severity [19] [20] . RDW can be defined as independent predicting factors in hepatic fibrosis and necroinflammation [21] [22] . RDW to Platelet Ratio (RPR) was reported to be able to predict fibrosis and cirrhosis in CHB patients [23] . However, few researches concern about the dynamic differences of RDW levels during HBV-related chronic liver diseases and the knowledge of clinical significance of RDW is also limited. Fan X and his colleagues reported that RDW among CHB patients was elevated compared with healthy controls, based on meta-analysis [24] .
This study aims to provide general information about dynamic differences of RDW levels among hepatitis B virus-related chronic liver diseases. We compared the changes of RDW among chronic HBV infection (inactive carrier and immune tolerant), chronic hepatitis B, and HBV related hepatocirrhosis patients, we also analyzed whether RDW levels were different between HBeAg-positive and negative CHB patients, and before and after anti-virus treatment. We inquired into the significance of RDW in HBV-related chronic diseases and gave some insights about its potential clinical applications.
Materials and Methods

Patients
Chinese subjects with related disease diagnosis were retrospectively enrolled in this study from our Hospital from March 2014 to Oct 2017. Based on EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection, the natural history of chronic HBV infection has been schematically divided into five phases: HBeAg-positive chronic HBV infection (immune tolerant), HBeAg-positive chronic hepatitis B, HBeAg-negative chronic HBV infection (inactive carrier), HBeAg-negative chronic hepatitis B and HBsAg-negative phase [14] . Accordingly, we included 92 patients with HBeAg-positive chronic HBV infection (immune tolerant), 100 patients with HBeAg-negative chronic HBV infection (inactive carriers), and one case group of 288 chronic hepatitis B patients(156HBeAg-and 132HBeAg+), all these patients were recruited according to standards in EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection [14] . Another case group included 272 patients with HBV-related hepatocirrhosis, according to the following criteria: hepatitis B surface antigen (HBsAg) carrier for ≥6 months; pathological or clinical evidence of cirrhosis, including nodularity/splenomegaly on liver imaging and/or thrombocytopenia. Child-Pugh score for each hepatocirrhosis patient was calculated as previously reported [25] . Patients with HCC, a history of other malignancy, other forms of irrelevant liver diseases, including hepatitis C virus, serious alcoholic disease, or autoimmune hepatitis, or patients who had experienced blood transfusions within six months were excluded. Among the HBeAg+ CHB patients, 65 patients who performed entecavir treatment for more than half a year (6 to 9 months) were analyzed, and changes in RDW before and after antiviral therapy were compared. The control group included 160 healthy adults, who had taken physical examination in the hospital. All selected individuals were without other irrelevant chronic diseases and anybody with anemia was also excluded. All the procedures were carried out in accordance with Helsinki Declaration, with approval from institutional ethical review board of Peking University People's Hospital.
Clinical parameter analysis
Whole blood specimens were obtained by venipuncture into vacuette tubes containing K2-EDTA(BD, Franklin Lakes, NJ, USA) and immediately analyzed to obtain hematological variables using an automated hematology analyzer (Sysmex XN-9000; Sysmex, Kobe, Japan). RDW-SD and RDW-CV were both measured and calculated. RDW-CV is equal to RDW-SD/MCV. HBsAg and HBeAg were measured by chemiluminescent micro-particle immunoassay (CMIA) (Architect i2000 SR, Abbott, IL, USA). Real time PCRs for quantification of HBV DNA were carried out in the LightCycler 480 instrument (Roche Applied Sciences). The levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin and albumin in serum were measured by Beckman Coulter AU5800 automatic biochemical analyzer (Beckman Coulter Inc., Brea, CA, USA). HBsAg<0.05IU/ml, HBsAb<10S/CO, HBeAg<1S/CO, HBeAb<1S/CO, HBcAb<1S/CO, HBV DNA <1000IU/ml, ALT<40U/L, AST<35U/L were regarded as negative, according to the manufacturer's instructions.
Statistics
Analyses were carried out with GraphPad Prime 5.5 and SPSS software. ANOVA with the Bonferroni's Multiple Comparison Test were used to compare RDW of different groups. RDW levels before and after therapies were compared by paired student's t test. The Pearson correlation coefficient (r) was estimated between RDW and clinical indicators and Spearman correlation coefficient (r) was estimated between RDW and Child-Pugh scores. Receiver operating characteristics (ROC) curves were used to evaluate the usefulness of RDW to distinguish hepatocirrhosis from CHB or inactive carriers and area under curves (AUC) was calculated and optimal cut-off values were analyzed according to the maximum value of Youden index (Youden index=sensibility +specificity -1). All of the statistical tests were 2-tailed. P values less than 0.05 are regarded as significant.
Results
Increased RDW in patients with CHB or HBV-related hepatocirrhosis
The clinical and demographic characteristics of individuals involved in this study were summarized in Table 1 . There was no significant difference in the percentage of gender and age distribution (P >0.05) among different groups. For hematological indicators, however, the number of white blood cells and platelets were significant lower in HBV-related hepatocirrhosis patients than other groups (p<0.05), which is in accordance with previous studies [26] [27] [28] .
The levels of RDW, both coefficient of variation (CV) and standard deviation (SD), of each group were analyzed and compared by ANOVA with multiple comparison and the results are shown in Figure 1 . We found that RDW CV and SD were generally significantly higher in CHB patients and patients with HBV-related hepatocirrhosis (P<0.05) than in healthy controls, inactive HBV carriers and immune tolerant individuals, with the exception that RDW-SD levels were not significantly different between CHB patients and inactive carriers. Patients with HBV-related hepatocirrhosis had significant higher RDW than CHB patients. Levels of RDW were not different among healthy controls, inactive HBV carriers and immune tolerant individuals.
Higher RDW in HBeAg positive CHB patients than HBeAg negative CHB patients
We further divided CHB patients into HBeAg+ and HBeAg-subgroups since it represents different stages of CHB [14, 29] . The demographic and clinical characters of the subgroups were shown in Table S1 . We compared RDW values to decide whether they were different (Figure 2 ). We found that the levels of RDW were significant higher in HBeAg+ CHB patients than HBeAg+ CHB patients and healthy controls, for both RDW-SD and RDW-CV. Table S2 . We found that though some correlations were with p values less than 0.05, the correlation coefficients (r) were too low, suggesting that the correlations were weak. We also further analyzed correlations in sub-groups of CHB patients according to HBeAg, but these were also no significant correlations (data not shown).
RDW was decreased after antiviral therapy for HBeAg+ CHB patients
Among the 132 HBeAg+ CHB patients, 65 patients were treated with entecavir for more than half a year, and changes in RDW before and after antiviral therapy were compared and analyzed. Among the 65 patients, 47 were diagnosed to become HBeAg-after treatment and 18 were still HBeAg+. We separately compared RDW levels before and after treatment for these two groups, as shown in Figure 3 . For patients that were still HBeAg+ after treatment, RDW-SD and RDW-CV were not significantly changed before and after treatment. For patients that underwent HBeAg seroconversion, RDW-SD and RDW-CV were both significantly decreased after antiviral therapy. These results suggest that RDW level changes are associated with the outcome of disease in patients with CHB after therapy.
RDW was significantly correlated with total bilirubin, albumin and Child-Pugh scores of patients of with HBV-related hepatocirrhosis.
We next analyzed the relationship of RDW with clinical indicators among patients with HBV-related hepatocirrhosis. Clinical indicators that reflect severity of hepatocirrhosis were collected and their correlations with RDW were carried out. We found that there were significant positive correlations between RDW-CV and T-BIL, between RDW-SD and T-BIL. Besides, there were also significant negative correlations between RDW (both CV and SD) and albumin ( Figure 4 ). In addition, RDW-SD and CV were also positively correlated with AST (not shown). As reported, T-BIL is elevated and albumin is decreased in serum of hepatocirrhosis patients [30] , and our results suggested that increased RDW in HBV-related hepatocirrhosis was related to the severity of the disease. Comparison of RDW levels of HBeAg+ CHB patients before and after antiviral therapy. 65 HBeAg+ CHB patients who were treated with entecavir for more than half a year were enrolled and RDW levels before and after treatment were analyzed. Among the 65 patients, 47 were diagnosed to become HBeAg-after the treatment and 18 were still HBeAg+. We separately compared RDW levels before and after treatment for these two groups for both RDW-CV and RDW-SD, by paired student's t test. ***p<0.001; *p<0.05; ns, not significant.
We next calculated Child-Pugh scores for each hepatocirrhosis patients and correlation analysis was conducted between RDW and Child-Pugh scores, as shown in Figure 4 , there were significant positive correlations between RDW (both CV and SD) and Child-Pugh scores, which prove that RDW is associated with the severity of HBV-related hepatocirrhosis.
RDW is of usefulness to distinguish HBV-related hepatocirrhosis patients from CHB patients and inactive HBV carriers.
The diagnosis of hepatocirrhosis among CHB patients and inactive HBV carriers was mainly dependent on liver imaging and a series of clinical tests. Our results suggested that patients with HBV-related hepatocirrhosis were with significantly higher RDW than CHB patients and inactive HBV carriers, suggesting the potential diagnosis value of RDW to distinguish HBV-related hepatocirrhosis patients from CHB and HBV carriers. We did preliminary receiver operating characteristics (ROC) curve analysis to evaluate the usefulness of RDW and area under curves (AUC) was calculated. As shown in Figure 5 , we found that The AUC of ROC curves to distinguish hepatocirrhosis from CHB patients was 0.7040 for RDW-SD and 0.6650 for RDW-CV, and AUC to distinguish hepatocirrhosis from inactive HBV carriers was 0.7805 for RDW-SD and 0.7991 for RDW-CV. If we put inactive carriers and CHB patients together as the control group for ROC analysis, the AUC was 0.7237 for RDW-SD and 0.6995 for RDW-CV. The optimal cut-off values for RDW (CV and SD) in each situation were calculated from ROC curves by the maximum values of Youden index, as shown in Table 2 . We also regarded immune tolerant individuals or immune tolerant individuals together with inactive carriers and CHB patients as the control group and calculated AUC (Table S3) , and the AUC were 0.8187 and 0.7419 for RDW-SD, 0.7597 and 0.7111 for RDW-CV. These results suggested that RDW could be used as one potential indicator that helps to diagnose hepatocirrhosis from other HBV-related chronic diseases. 
Discussion
RDW is a routine laboratory parameter of complete blood count and the cost of measuring RDW is low enough to be extensively used. For a long time, RDW is used for differential diagnosis of anemias in laboratory hematology [1] [2] . In recent years, however, a series of reports had been published which suggested RDW was a prognostic marker in a variety of disorders [3] [4] [5] [6] [7] [8] [9] [10] . Increased RDW reflects a serious deregulation of erythrocyte homeostasis including both impaired erythropoiesis and abnormal red blood cell survival. The reason of increased RDW may be a variety of underlying metabolic abnormalities, e.g., oxidative stress, inflammation, hypertension, malnutrition, dyslipidemia, and erythrocyte disorders [31] .
A few literatures had reported the significance of RDW in HBV-related diseases [18] [19] [20] [21] [22] . Until now, however, few researches had studied the dynamic changes of RDW during the process of chronic HBV infection. The clinical significance of RDW in inactive HBV carriers, chronic hepatitis B patients and HBV related hepatocirrhosis remains unclear. In this study, we found that RDW was significantly higher in HBV-related hepatocirrhosis patients and HBeAg+ CHB patients. Besides, RDW was found to be significantly correlated with biochemical indicators of HBV related hepatocirrhosis patients and could reflect severity of hepatocirrhosis. In addition, RDW could help to diagnose hepatocirrhosis from CHB and inactive HBV carriers.
HBeAg-positive CHB represents a status of loss of immune tolerance, which lead to necroinflammatory liver injury and the disease can advance to significant fibrosis [32] . For HBeAg negative CHB, there is HBV infection, but the histological signs of hepatitis disappear, and serum HBV DNA levels are persistently low [31] . According to our results, HBeAg positive CHB patients showed significantly higher RDW than HBeAg negative CHB patients. But there were no significant correlations between RDW and clinical indicators for CHB patients or inactive HBV carriers. The detailed mechanism for higher RDW among HBeAg positive CHB patients should to be considered in depth in future. In addition, we analyzed part of HBeAg+ CHB patients enrolled in this study, and after antiviral therapy, RDW levels were significantly decreased for patients that underwent HBeAg seroconversion. For patients that are still HBeAg+ after treatment, RDW-SD and RDW-CV were not significantly changed before and after treatment. This part of the results suggests that RDW is associated with the outcome of CHB after therapy, which could be of clinical significance for evaluating prognosis after CHB treatment.
Whether the change in RDW level is one of the factors leading to disease or the disease causes the change of RDW is worthy of further research, and several biological and metabolic abnormalities associated with hepatitis may also have a considerable impact on erythropoiesis. Some pro-inflammatory cytokines were reported to inhibit the synthesis of erythropoietin, impair iron metabolism, thereby impairing red blood cell maturation, leading to immature red blood cells entering the bloodstream, while chronic HBV infection causes obvious inflammatory reactions in the body, so patients The inflammatory response may be responsible for the significant increase in RDW levels in patients with CHB or cirrhosis that develop from CHB [33] [34] . Whether these pro-inflammatory cytokines produce RDW-lowering effects in HBV-associated chronic diseases needs to be validated in future experiments, such as the possibility of placing normal RBCs in sera of different severity of cirrhosis or CHB patients by in vitro experiments. Systematic studies can also be performed in animal models of HBV infection. Besides, It is worth noting that portal hypertension in patients with cirrhosis has been reported to cause an increase in plasma volume and may eventually lead to a decrease in RBC survival, which could also be the cause of increased RDW in HBV-related cirrhosis [35] .
As we have known, chronic HBV infection is associated with a wide range of clinical manifestations, from an asymptomatic carrier status with a normal liver histology to severe and chronic liver diseases. Considerable proportion of chronically infected people may develop to cirrhosis, whereas the remainders become inactive carriers. Besides, 0.7% of asymptomatic HBV carriers could also develop into cirrhosis annually [12] [13] [14] [15] [16] [17] . Distinguishing HBV-related hepatocirrhosis from CHB and inactive carriers is of important clinical significance. According to our results, RDW was significantly increased in cirrhosis patients than in inactive carriers and CHB patients, which suggest that the dynamic differences of RDW levels may help their differential diagnosis. Our preliminary receiver operating characteristics (ROC) curve analysis proved that RDW was one potential indicator that could help to diagnose hepatocirrhosis from other HBV-related chronic diseases. In addition, RDW was correlated with T-BIL albumin and child-Pugh scores, which suggested that increased RDW was associated with conditions of hepatocirrhosis patients.
There are limitations in this research and still much more work needs to be done about the significance of increased RDW levels in HBV-related chronic diseases. The sample size needs to be enlarged in the future and the critical cut-off value of RDW to distinguish hepatocirrhosis patients from CHB patients or carriers needs to be determined according to multi-centered research as well. Generally, in this study, we inquired into the change of RDW levels in HBV-related chronic diseases and studied the clinical significance of RDW, which could contribute to a comprehensive understanding of the clinical significance of RDW during HBV infection.
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